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INTRODUCTION
The original purpose of this investigation was
(1)to check the work of M~. Allen D. Kennedy
( 2)
and Mr. C. J. Adams, in order that the work
could be published. Before any actual work was
started, however, a reference was found that
Kennedy and Adams apparently overlooked. This
reference was the work of Sidney J. French,
Donald J. Saunders, and George E. Ingle on "The
(3 )
System Gallium-Indium". These three men did
their work on gallium and indium at Colgate
University, Hamilton, New York. A check on the
work of these two different parties showed some
discrepancy, and the object of the investigation
was then changed to either deciding which of the
two previous works was correct, or establishing
a different diagram.
Previous Investigation
The work of Kennedy and Adams showed no solid
solubility of gallium. in j,IJ.diu.mor indium in
gallium; a eut.ect i c composition >01:, ~4~0;and a
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eutectic temperature of 15.? C. This work was
done entirely by thermal-analysis, using a mer-
cury thermometer with no thermometer corrections.
Alloy weights from 9 grams to 4? grams were(1,2)
used.
The investigations of French, Saunders, and
Ingle showed solid solubility of galliQm in indium
up to 9.5% gallium; a eutectic composition of
24% indium; and a eutectic temperature of 16 C.
This 'workwas also done by thermal-analysis, but
a thermocouple was used instead of a mercury
thermometer. The alloy weights used were very
small; for example, the alloys were made by start-
ing with 0.94 grams of gallium and adding success-
ive increments of 0.01 grams of indium. 'I'hIs
work corresponded fairly well with the work of
Kennedy and Adams, except for the solid solubility
of indium and a different shape liquidus line on
the indium side of the eutectic. These two
different Constitutional Diagrams can be seen and
(3 )
compared on the next page.
Other work has been done at the University of
( 2)
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(3 )
Utah on the ternary system indium-gallium-tin.
The results of this investigation showed that
there was a gallium-indium eutectic at 76%
(4 )
gallium and at 15.7 C. A separate study has
been made of the eutectic in the gallium-indium
(5)
system.
INVESTIGATION
Because of the discrepancy as to whether there is
solid solubility in the gallium-indium system,
and the fact that no alloys with less than 1%
indium were ever investigated; the possibility of
solid solubility in either or both ends of the
dia ram was not overlooked. According to Hume-
Hothery, two alloys with the same relative
positions on the Periodic Chart should have about
(6 )
the same alloying habits. He also stated that
if there is less than 14% or 15% difference in
the atomic diameters of the solute and solvent
atoms, solid solubility is very likely to Occur.
With these two theories in mind, the portion of
the Periodic Chart that includes gallium and
(4 )
indium was studied. A reproduction of this por-
tion of the Chart is seen below. At.omt o diameters,
in crystal angstrom (kX) units, are used instead
of atomic weights.
Period GrouJ2 1 2 3 4
At. No. 29 30 31 32
4 Symbol Cu Zn Ga Ge
At. Diam. 2.551 2.748 2.75 2.788
At. No. 47 48 49 50
5 Symbol Ag Cd In Sn
At. Diam. 2.883 3.042 3.14 3.164
Copper and silver have t.hesame respecti ve
positions on the Periodic Chart as gallium and
indium. The difference in atomic diameter is
11.5% when silver is taken as the solvent, and
13% when copper is t aken as the solvent metal.
Although the atomic diameters of these two
elements are not very close to the atomic diameters
of gallium and indium, they are similar in pro-
portion; and the equilibrium diagram shows solid
solubility of copper in silver and silver in copper.
(5 )
As can be seen by the portion of the Periodic
Chart reproduced on the preceding page, zinc and
cadmium correspond more closely to gallium and
indium than copper and silver. The difference in
atomic diameter is 10% when zinc is taken as the
solvent metal and 11% when cadmium is taken as
the solvent metal. Solid solubility of cadmium in
zinc, and zinc in cadmium is shovm below in the
( 7 )Constitutional.Diagrrun by E. A. Anderson.
Although the crystal forms of zinc and cadmium are
less similar to gallium and indium than copper and
silver, the atomic diameters are very nearly the
.same.
Germanium and tin, on the other side of gallium
and indium on the Periodic Chart, show slight
(11)
solid solubility in each other.
400
Cd Weight Percentage Zinc Zn
(6 )
It is true that the crystal forms of gallium
(orthorhombic) and indium (tetragonal) are.not
as similar as the crystal forms in the two other
alloys previously discussed. However, because
these other alloys are so close to gallium and
indium in the Periodic Chart, and because .the
difference in atomic diameter is 12.4% with
indium as the solvent and 14.25% when gallium is
the solvent; it.was believed that there should
definitely be solid·solubility of gallium in
indium and that there could be slight solubility
of indium in gallium. For these reasons .then, it
was decided to make a thorough investigation at
less than 1% indium, to check the liquidus line
on the indium side of the diagram, and to check
for solid solubility in the indium-rich alloys.
APPARATUS
The apparatus used in this investigation consis-
ted of a #1 glazed crucible, an Alundura lined
metal container, a door buzzer, two stop ,watches,
and thermometers. The apparatus is shovvn on the
following page.
( 7 )
APPARATUS
(~ Size)
Alundum _I>---.!~"",",
Asbestos
o L~agni ier
Stand
Supporting TNire
Vibrator Lever Arm
(8 )
'The#1 glazed crucible was used in order that
alloy weights of 50 grams to 80 grams could be
used in the investigation. This is considerably
more than the weight used in any previous work,
and should give more accurate and pronounced
temperature changes.
The purpose of the thick Alundum-lined. container
was to permit equal distribution of heat to or
from the crucible, at a fairly constant rate.
The thickness of the Alundum eliminated localized
heating which might occur if the crucible had
been heated directly; and it minimized the change
in the rate of heating or cooling which might
result from a fluctuation in the temperature of
the heating or cooling medium. The equalization
of the rate of heating was noted by heating an
alloy up to 30 C, and then removing the heat. The
temperature of the alloy then continued·to rise
at approximately the same rate up to about 60 C.
The same alloy was then cooled to -4 C, and then
placed over a Bunsen burner. The temperature
continued to decrease for seven minutes. Another
( 9)
alloy was heated to 110 C and then the Alundum
container was placed in a -30 C cooling medium.
The temperature of the alloy in this case con-
tinued to rise at an evenly decreasing rate up
to 135 C. Thus, it might be concluded that any
normal fluctuations in heating or cooling during
normal operations would have practically no
immediate effect on the temperature of the alloy,
and any change noted in the rate of heating or
cooling would be due to a change in the alloy
and not to a change in the heating or cooling
medium temperature.
The door buzzer was attached to the container,
as shown on the diagram, for the purpose of
eliminating supercooling. All the available
literature indicated that there would be a super-
Cooling effect, especially in the gallium-rich
alloys. A special study on the supercooling of
(8 )
gallium was made by Wilfred E. Nagel, in which
he suggested the use of some form of agitation to
either eliminate or reduce supercooling. 'The
attached door buzzer did not agitate the alloy in
(10)
the crucible, but it did impart a vibration to
the alloy that could easily be detected by touch-
ing the crucible. To afford maximum vibration
from the buzzer, the Alundum container was sus-
pended with wire.
The thermometers used were regular total immersion
mercury thermometers, calibrated to a ~ C. Each
thermometer used was checked against the Bureau
of Standards thermometer #32525, and the proper
corrections were applied to the readings. A
magnifier was attached to the thermometer to read
the alloy temperatures. A separate thermometer
was used to take the temperature, at the middle
of the mercury column, of the thermometer in the
alloy. The temperature, at the middle of mercury
column, is designated as Tm, and is used in the
( 9 )
formula Tc = To + .000156 x 1 ( To - Tm ) where
Irc = corrected temperature
To = observed temperature
1 - length the colunm of mercury in degrees
Tm = temperature at the middle of the mercury
column
(11)
The observed temperatures were plotted, and the
thermometer correction vms applied only when a
phase change was indicated.
Two stop watches were used. \hile the time on
one watch was being recorded, the other watch was
in motion. Thus, no interval was untimed, and in
no case was it necessary to read a watch in motion.
Heating the alloy was accomplished by either
immersing the Alundum container in hot water or
by applying a gas flame directly to the bottom
of the container. The final temperature desired
'was the determining factor as to which method of
heating to use. The rate of heating above 65 C
was too slow, when hot water was used.
A 605[; mixture of Prestone and water, in which
dry ice was placed, served as the cooling medium.
By regulating the amount of dry ice in the bath,
the temperature could be controlled within 4 or 5
degrees. It was possible to reach a temperature
of -52 C (-62 F) with this type of cooling •.
(12)
PROCEDURE
A 60 gram sample of gallium was obtained, and the
conventional time interval-temperature graph was
plotted from the data obtained on cooling and heat-
ing the gallium. It was noticed on the heating
curve that there was no definite horizontal line
on the graph at the melting point. Because of
the difficulty in interpreting this graph, it was
decided to read the time interval between every
degree, or half degree, and to plot this rate
against the temperature. This type of plotting,
proved to be far superior to the time-temperature
plotting, because it clearly revealed the slightest
change in the rate of cooling or heating. By
using this type of plotting, it was discovered
that the sample of gallimn had a sharp change in
the rate of heating around 17 C. Thus, it was
decided that this sample was impure gallium, and
another sample was obtained. Heating and cooling
curves were made on the second sample of gallium,
and no phase changes were indicated by a change
in the rate of heating or cooling, other than the
(13)
change from the solid to the liquid state. The
melting point of gallium was determined as 29.75 C.
After it was realized that the possibility of
an impure starting metal existed, curves were
plotted for pure LndLum, These curves showed. no
inflection other than the melting point, which
was determined as 156.58 C.
From here on, alloys were made by adding indium
to the pure gallium sample. Six alloys were made
at less than 1% indium, and solid solubility was
established on the gallium side of the diagram.
A curve was made at 11.66% indium as a check on
liquidus line on the gallium side of the eutectic.
This point checked closely with the liquidus line
established by Kennedy and Adams.
Two alloys close to, and on either side of, the
supposed eutectic were made in an attempt to
establish the eutectic composition. This was not
entirely successful, so it was decided to remove
some of the eutectic later on and have it analyzed.
(14)
It was noticed, however, that 25.34% indium be-
haved very much like a plITe metal. The trans-
formation from solid to liquid took longer than
any other alloy, and there was less actual tempera-
ture. change during the transformation.
The liquidus line on the indium side of the
eutectic was che cked by making three alloys between
37% indium and 80% indium. More different alloys
would have been made, but it was found that these
points checked closely with the work of Kennedy
and Adams.
Four alloys were made between 90% and 96% indiunl
to determine whether there was solid solubility
of gallium in indium.
was solid solubility.
It was determined that there
The Constitutional Diagram
established by the preceding points, can be seen
on page 16. The weights, additions, percent indium
and points of phase changes can be seen on the
table on page 17.
The interpretation of the curves was not always
(15)
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ALLOY COMPOSITIONS AJ\Jl) DETERMINED POINTS
Total Grams In g In(X 100) PointsGrams %In (X 100) Total G %In C
54.6993 0.0 0.0
0.0 100.0 0.0
54.6993 0.0 0.0 29.75
0.0730 100.0 7.30
29.754.7723 , 7.30 0.131 29.35
11.50.0592 100.0 5.92
29.6654.8315 13.22 0.241 29.0
12.20.1234 100.0 12.34.
29.6554.9549 25.56 0.4651 26.87
13.40.0515 100.0 5.15
29.655.0064 30.71 0.5583 25.5
13.90.1566 100.0 15.66
29.455.1630 46.37 0.8405 18.2
15.150.0668 100.0 6.68
29.255.2298 53.05 0.9605 16.5
15.36.6906 100.0 669.06
61.9204 722.11 11.662 21.1
15.758.8420 100.0 884.20
70.7624 1606.31 22.700 16.0
15.71
(17)
ALLOY COI\llPOSITIONSAND DETERMThTEDPOINTS (Contd.)
Total Grams In g In(X 100) Points
Grams %In (X 100) Total G ~In C
70.7624 1606.31 22.700 16.0
15.71
1.0729 100.00 107.29
71.8353 1713.60 23.854 15.9
15.71
0.3609 100.0 36.09
72.1962 1749.69 24.235 15.75
1.0705 100.0 107.05
73.2667 1856.74 25.342 15.75
32.5329 25.342
22.1872 100.0
54.7201
40.7338 25.342
24.0328 55.613
64.7666
30.6816 55.613
39.5280 100.0
70.2096
824.4487
2218.72
3043.1687 55.613 61.0
15.75
1032.2759
1336.5361
2368.8120 36.574 37.8
1706.2958
3952~80
5659.0958 80.602 93.7
(18)
ALLOY COllf.[FOSITIONSAND DETERlVImEDPOINTS (Corrtd , )
Total Grams In g In(X 100) Points
Grams %In (X 100) .Total G %In C
3.5770 36.574 130.8251
50.4671 100.0 5046.71
54.0441 5177.5351 95.802 132.5
100.0
14.2482 100.0 1424.82
68.2923 6602.3551 96.677 137.7
123.9
5.1759 36.574 189.3033
73.4682 6791.6584 92.443 117.5
18.1
2.4252 36.574 88.7065
75.8934 6880.3649 90.658 115.3
15."75
82.6334 100.0
82.6334
8263.34
8263.34 156.58100.0
(18a)
a simple matter. In some cases, a change of phase
would not be indicated on a cooling curve, but
could be detected on a heating curve. In other
cases, the rate of cooling or heating was too fast
or too slow to reveal a point properly, and the
curve had to be replotted at a different rate. As
a result, about three times as much data was taken
as is indicated by the data in the appendix.
lJIostof the phase changes were indicated by a
sharp increase in the rate of cooling or heating,
followed by an equally sharp decrease in the rate.
An example of this is the curve for pure galliunl
on page 20. Some phase changes, however, were in-
dicated by a horizontal line as shown on page 23;
while others were shown simply by.a decrease or in-
crease in the rate. When a great number of points
could be plotted on a single curve, it was usually
correct to take the bottom point on a heating curve;
or the top point on a cooling curve, but tn any
case, more than one curve was made. This irregular
cooling or heating in a phase was probably due to
composition shifting.
(19)
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The use of the vibrator to eliminate supercooling
was not succ~ssful. Starting with the same initial
temperatu:re, and cooling at the same rate, the
supercooling of pure gallium and the gallium-
rich alloys could be reduced considerably, but not
eliminated. After the indium content was in-
creased to above l'}~,vibrating seemed to have no
effect on the degree of supercooling. The only
change in superoooling noticed after 1% was the
more eutectic present, the greater the degree of
supercooling.
After the thermal analysis was completed, some
eutectic was removed from one of the remaining
alloys. This was done by solidifying a eutectic-
rich alloy, and then shaking out the eutectic as
soon as it liquified on heating. A sample of the
eutectic was gravimetrically analyzed. The results
of this analysis showed the eutectic composition
to be 25.30% indium. '
An attempt was made to determine the existence of
solid solubility by X-raying various alloys. This
(24)
..
,proved to be unsuccessful, for it was difficult to
maintain sub-eutectic temperatures without inter-
fering with the X-ray. Whenever silver powder was
used as a standard,' the only rings obtained in a
back reflection pattern were that Qf the silver.
It was possible to obtain rings from a 95% indium
alloy when no silver powder was used, but it was
impossible to evaluate the rings without the
silver pattern oeing present as a standard. In
the event that these rings could be evaluated, it
is doubtful whether the solubility of indium in
gallium could be proven in this high-indium alloy.
(25)
CONCLUSION
In this investigation, it was determined that the
melting point of gallium is 29.75 C, and the
melting point of indium is' 156.58 C. This melting
point for gallium is within 0.01 C of that listed
by the American Society of Metals. The melting
point of indium is within 0.08 C of that listed
(10)
by the American Society of Metals.
Gallium is soluble in inqium up to 8% gallium
at the eutectic temperature. This is in fairly
close agreement with the work of French, Saunders,
and Ingle, who give this figure as 9.5% gallium.
IndiQm is soluble in gallium, as predicted in the
preliminary investigations, up to 0.98% indium.
'I'h'i s had not been determined before, since no one
had ever made any investj_gation at less than 1%, so
far as the author knows.
The highest eutectic temperature calculated was
15.75 C and the lowest was 15.66 C; the average
of all the eutectic temperatures was 15.72 C.
(26)
'l'hi s is in agreement with the work of Kennedy and
Adams.
The eutectic composition was found to be 25.30%
indium by both therma.l and chemical analysis. This
does not agree with all the other reports of 24~~,
but none of the other reports included a chemical
analysis.
Vibrating hindered supercooling in the alloys con-
taining 0.98% indium or less, but it did not elim-
inate supercooling. In alloys over 0.98% indium,
the degree of supercooling was related to the
amount of eutectic present.
The reverse curve in the liQuidus line, on the
indium side of the eutectic point, may seem out
of the ordinary; but if the indium-gallium diagram
determined in this investigation is compared to
the cadmium-zinc diagram, it will be seen that the
two are similar. This is in agreement with Hume-
Rothery's postulation that neighboring alloys on
the periodic chart should have siwilar alloying
properties.
(27)
APPENDIX
(28)
THEW,IAL ANALYSIS
'l'emp , 'l'Lme Temp. 'l'ime Temp. Time
° C Sec/J./2oC 0 C Sec/J./2oC 0 C c'ec/J./2oC
100% Ga, 0% In ( Tm = 25°C; 1 = 45 ~ To )
2.0 0 15.0 16 27.75 602.5 89 15~5 16 28:0 683.0 41 16:0 15 28.25 76
f·5 29 16.5 18 28.5 90
r ..0 20 17.0 15 28.75 178
4.5 16 17.5 16 29~0 1825.0 17 18.0 17 29·25 412
5.5 18 18~5 17 29·5 9626.0 i)~ 19.0 17 29.6 ~~gg6~5 19·5 19 29·757.0 16 20~0 19 29·87 1852
7.5 15 20~5 37 30.0 10288.0 16 21.0 2L~ 30~5 3718.5 14 21.5 21 31.0 719.0 14 22:0 18 31.5 31
9·5 iG 22.5 20 32.0 3010.0 23.0 23 32.5 16
10:5 16 2~.5 22 33.0 1811:0 16 2 .0 23 3~.5 1611.5 15 2L~:5 2b 3 :0 2112.0 iK 25.0 2)+ 34·~ 2412·5 25.5 27 35.0 2013.0 lL~ 26.0 28 35.5 22
If·5 15 26.5 39 36.0 271 ~.O il 27.0 ~8 36.5 3111~_.5 27.5 ,4 37.0 32
'I'emp , Time Temp. Time Temp. Time
o C Secf~~C o C 8ecf~'1.C o C 8ecft C2
0.13% Indium Tm = 60 c· 1 = 45 t To ),
5.0 0 16.5 17 28.0 53
5.5 25 17.0 17 28.25 ,64
6.0 26 17.5 19 28.5 66
6.5 26 18.0 16 28.75 112
7.0 25 18.5 19 29.0 116
7.5 25 19.0 16 29.12 284
8.0 24 19.5 18 29.25 168
8.5 23 20.0 18 29.37 188
9.0 21 20.5 18 29.5 344
9.5 21 21.0 20 29.6 565
10.0 21 21.5 19 29.75 1150
10.5 20 22.0 21 29.8 450
11•.0 19 22.5 19 29.9 735
11.5 34 23.0 21 30.0 870
12.0 28 23.5 22 30.12 1442
12.5 21 24.0 23 30.25 328
13.0 19 24.5 24 30.5 196
13.5 20 25.0 24 31.0 90
14.0 18 25.5 29 31.5 46
14.5 19 26.0 27 32.5 23
15.0 17 26.5 33 33.5 12.5
15.5 18 27.0 30 34.5 6
16.0 15 27.5 41 35.5 6
(30)
Temp. Time Temp. Time 'I'ernp , Time
o C Secfi C o C sec/~· c o C Seoft C
24ct Indium Tm = 35; 1 = 45 + Too , )0
?o 0 17.5 17 28.0 66
7.5 36 18.0 15 28.5 110
8.0 37 18.5 17 28.75 144
8.5 37 19.0 17 29.0 178
9.0 30 19.5 18 29.2 150
9.5 29 20.0 16 29.25 340
10.0 26 ,0.5 17 29.37 320
10.5 25 21.0 17 ~9.5 582
11.0 24 21.5 17 29.6 1050
11.5 25 22.0 17 29.7 750
12.0 24 22.5 17 29.75 832
12.5 32 23.0· 19 29.85 600
13.0 28 23.5 19 30.0 430
13.5 25 24.0 19 30.25 110
14.0 2.3 24.5 23 30.5 60
14.5 26 25.0 25 31.0 43
15.0 21 25.5 24 31.5 29
15.5 0 26.0 28 32.0 17
1 .0 17 26.5 35 32.5 10
16.5 18 27.0 45 33.5 ?
17.0 17 27.5 49 35.0 4
0.247& Indium Tm = 35; 1 • 45 + To )
25.0 0 29.25 146 30.5 140
25.5 29 29.4 200 31.5 34
26.0 30 29.5 242 32.0 26
26.5 36 29.6 400 32.5 14
27.0. 37 29.? 325 33.5 12
27. r- 33 29.75 324 35.0 6
28.0 46 29.87 240
28.5 64 30.0 214
29.0 85 3 .25 200
., Indium Tm = 21; 1 = 45 + To )o. 4?~o
10.0 81 13.0 93 16.0 11910.5 85 13.5 108 16.5 10711.0 84 14.0 145 17.0 124
11.5 84 14.5 126 17.5 12312.0 86 15.0 155 18.0 135
1 .5 90 15.5 142
(31)
Te~. Time Temp. Time Temp. Timeo C ec/:.~ C o C Sec/-;- C o C 8ec/t C
0.4716 Indium Tm = 25; 1 = 45 -4- To
0.0 37 12.0 45 24.0 76
0.5 30 12.5 51 24.5 861.0 37 13.0 71 25.0 901.5 41 13.5 67 25.5 91
2.0 39 14.0 61 26.0 1072.5 38 14.5 72 26.5 121
3.0 34 15.0 119 27.0 138
3.5 39 15.5 50 27.5 1484.0 37 16.0 44 28.0 1854.5 40 16.5 49 28.5 271
5.0 41 17.0 49 29.0 3745.5 35 17.5 44 29.'5 813
6.0 37 18.0 50 30.0 1140
6.5 40 18.5 55 30.5 224
7.0 35 19.0 46 31.0 54
7.5 38 19.5 52 31.5 318.0 39 20.0 54 32.0 178.5 43 20.5 53 32.5 11
9.0 38 21.0 57 33.0 10
9.5 41 21.5 61 33.5 11
10.0 38 22.0 65 34.0 11
10.5 44 22.5 70 34.5 12
11.0 44 23.0 71 35.0 1111.5 47 23.5 '13
o , 56~o Indium Tm = 40; 1 = 45 To )
18.0 57 15.75 50 13.'75 68
17.5 52 15.5 48 13.5 55
17.25 50 15.25 54 13.25 48
17.0 52 15.0 55 13.0 49
16.75 60 14.75 74 12.75 56
16.5 52 14.5 84 12.5 45
16.25 46 1_.25 108 12.25 44
16.0 52 14.0 94 12.0 40
(32)
Temp. Time Temp. Time Temp. Time
o C Sec/-t.) C o C Sec/?t C o C Sec/+: Cr;...
0.56(0 Jnd Lum Tm ': 20; 1 = 45 To
35.0 21 21.0 27 25.5 60
34.5 21 20.5 28 25.0 52
34.0 21 20.0 27 24.5 47
33.5 21 19.5 30 24.0 46
33.0 (,,3 19.0 31 23.5 44
32.5 22 18.5 29 23.0 _2
32.0 20 18.0 31 22.5 35
31.5 21 17.5 30 22.0 26
31.0 22 1'7.0 33 21.5 27
30.5 22 16.5 33 21.0 25
30.0 22 16.0 34 19.5 18
29.5 22 15.5 ,3? 19.0 118
29.0 21 15.0 35 If..>.5 17
. 28.5 21 14.5 3'7 18.0 16
28.0 22 14.0 41 17.5 16
27.5 22 27.0 2 17.0 16
2?O 22 28.0 6 16.5 13 .
26.5 24 28.5 29 16.0 ,15
26.0 24 '28.75 106 15.5 l?
25.5 ~3 29.0 166 15.0 23
25.0 25 28.75 1200 14.5 28
24.5 24 28.5 360 14.0 24
24.0 25 28.25 250 13.5 20
23.5 25 28.0 166 13.0 17
23.0 25 27.5 172 12.5 16
22. h 8 2'1.0 71 12.0 14
22.0 24 2605 65
21.5 29 26.0 62,
o. 56Y~ Indium 'm - 30; 1~ 45 + To )-
25.5 52 29.2.5 400 32.0 20
26.0 63 29.37 468 32.5 10
26.5 '14 29.5 50? 33.0 8
27.0 87 29.75 760 33.5 10
27.5 95 30.0 600 34.5 17
28.0 1 4 30.5 153 35.0 9
28.5 179 31.0 54
29.0 31.5 3~
(33)
Temp. Time rr1 mp , Time remp. Timeo C ec/~ C o C Sec/p C o C 8ecft C
o .84~0 Indium Tm- 35; 1= 45 + To-
10.0 40 18.5 43 27.0 114
10.5 44 19.0 42 27.5 134
11.0 40 19.5 45 28.0 161
11.5 41 20.0 47 28.5 225
'12.0 44 20.5 47 29.0 312
12.5 45 21.0 51 29.25 480
13.0 46 21.5 51 29.5 49'1
13.5 46 22.0 59 29.75 440
14.0 48 22.5 57 30.0 418
14.5 73 23.0 61 30.25 290
15.0 98 23.5 65 30.5 197
15.5 96 24.0 69 31.0 53
16.0 67 24.5 75 32.0 18
16.5 52 25.0 71 35.5 8
17.0 3 25.5 87 38.5 9
1'1.5 38 26.0 89
18.0 41 26.5 111
O.961b Indium Tm_ 30; 1 = 4'5 + To )
10.0 21 18.0 20 26.0 57
10.5 21 18.5 22 26.5 75
11.0 21 19.0 22 27.0 79
11.5 0 19.5 25 27.5 107
1 .0 21 20.0 24 28.0 134
12.5 2· 20.5 26 28.5 180
13.0 21 21.0 27 28.25 190
13.5 21 21.5 29 28.8 265
14.0 22 22.0 31 29.0 288
14.5 36 22.5 31 29.3 300
15.0 56 2,3.0 34 29.5 281
15.5 57 23.5 35 30.0 140
16.0 37 24.0 38 30.5 65
1 .5 31 24.5 44 31.0 24
17.0 22 25.0 44
17.5 21 25.5 52
(34)
Temp. Time Temp. Time Temp. Time
o C Sec/1t C o C Sec/os C o C Sec/t C
11.66% Indium ( Tm - 30; 1 = 45 + To )
7.0 33 14.0 27 19.5 36
?5 33 14.5 28 20.0 38
8.0 32 15.0 28 20.5 39
8.5 34 15.5 28 21.0 44
9.0 32 15.9 9'75 21.25 50
9.5 31 16.0 900 21.5 42
10.0 30 16.25 370 22.0 45
10.5 30 16.5 249 22.5 43
11.0 30 16.75 90 23.0 50
11.5 29 17.0 80 23.5 4'7
12.0 30 17.5 35 24.0 52
12.5 29 18.0 26 24.5 54
13.0 30 18.5 29 25.0 50
13.5 29 19.0 30
22.70% Indium (Tm = 25; 1 - 45 + To)
10.0 24 15.0 23 16.4 250
10.5 24 15.5 22 16.5 226
11.0 25 15.9 55 16.8 100
11.5 24 15.80 600 17.0 72
12.0 ~4 15.9 4500 18.0 25
12.5 23 16.0 550 19.0 13
13.0 23 16.1 450 19.5 13
13.5 22 6.2 312 20.0 14
14.0 22 16.25 300 20.5 12
14.5 22 16.3 285 21.0 12
23.85% Indium ( Tm = 30; 1 - 45 + TO )
10.0 22 14.5 22 16.5 270
10.5 22 15.0 24 16.75 120
11.0 21 15.5 26 17.0 95
11.5 23 15.75 ·40 17.5 90
12.0 22 15.8 150 18.0 72
12.5 22 15.85 500 18.5 18
13.0 22 15.9 3600 19.0 14
13.5 2 16.0 900 19.5 10
14.0 22 16.25 360 20.5 8
(35)
'I'ernp , Tirne Temp. Time Temp. Time
o C Sec/~ C o C Seoft C o C Sec/i- C
24. 29~~ Indj_um Tm- 30; 1 - 45 To-
10.0 28 15.'75 46 16.5 245
11.0 25 15.8 115 16.75 130
11.5 25 15.85 3500 17.0 109
12.0 24 15.9 1'725 17.5 45
12.5 25 15.95 1725 18.0 29
13.0 23 16.0 1620 18.5 20
13.5 25 16.1 450 19.0 13
14.0 22 16.2 330 19.5 10
14.5 25 16.25 310 20.0 9
15.0 24 16.3 285 21.0 9
15.5 25 16.4 250 23.0 9
25. 34~~ Indium Tm: 30; 1 = 45 + To )
10.0 41 16.0 32 16.25 260
10.5 45 16.5 30 16.3 250
11.0, 39 17.0 30 16.4 210
11.5 39 17.5 49 16.5 206
12.0 3'1 17.0 23 16.75 87
12.5 36 16.5 46 17.0 99
13.0 35 16.25 120 17.5 40
13.5 34 J_6.0 240 18.0 24
14.0 32 15.9 5250 19.0 14
14.5 33 16.0 336.0 20.0 10
15.0 32 16.1 400
15.5 32 16.2 287
36. ~?7b Indium Tm = 25- 1 = 20 To ), I
50.0 0 40.0 56 34.5 5248.0 74 39.5 56 34.0 48
46.0 65 39.0 56 33.5 5044.0 5.5 38.5 60· 33.0 4643.5 54 38.0 70 32.5 5043.0 48 37.5 70 32.0 46
42.5 54 37.0 76 30.0 48
42.0 54 36.5 58 2'7.0 4841.5 54 36.0 54 25.0 49
41.0 52 35.5 54 21.5 52
40.5 52 35.0 52 20.5 50
(36)
Temp. Time Temp. Time Temp. Time
°c Sec/OC oC Sec/OC oc Sec/OC
55. 61~0 In ( Tm = 25; 1 = 20 + To
85.0 0 61.0 62 49.0 69
80.0 26 60.0 59 48.0 69
75.0 28 59.0 65 47.0 70
70.0 30 58.0 62 46.0 76
69.0 42 5'7.0 63 45.0 71
68.0 52 56.0 64 44.0 82
67.0 52 55.0 65 43.0 82
66.0 48 54.0 71 42.0 89
65.0 49 53.0 74 41.0 98
64.0 55 52.0 69 40.0 104
63 0 56 51.0 63
62.0 59 50.0 68
55.61;0 In ( Tm = 15; 1 = 20 fa To
13.0 17 32.0 ? 53.0 14
14.0 19 34.0 8 54.0 14
15.0 27 36.0 55.0 16
15.5 720 38.0 8 56.0 14
16.0 542 40.0 g. 5»7.0 14
17.0 25 42.0 10 8.0 15
18.0 11 43.0 11 59.0 15
19.0 8 44.0 10 60.0 16
21.0 5 46.0 11 61.0 15
23.0 6 48.0 11 62.0 16
26.0 6 50.0 12 63.0 15
28.0 7 51.0 13 64.0 14
30.0 '7 52.0 13 5.0 14
80. 60~{o In (Tm= 30; 1 = 20 + To
145.0 0 100.0 5 81.0 . 13
140.0 2 98.0 5 80.0 15
135.0 2 96.0 5 '79.0 17
130.0 94.0 6 78.0 18
125.0 2.5 93.0 13 7700 15
120.0 2.5 90.0 4 76.0 16
115.0 2.8 88.0 7. 74.0 15
110.0 3.6 86.0 8.5 71.0 15
105.0 4 83.0 11
(37)
Tenlp. Time emp , Time Temp. Time
°c ec/oe °c Sec/OC °c Sec/DC
90.66% In ( 11m = 27; 1 = 20 + To
120.0 29 114.0 4,,5 107.0 56
119.0 25 113.0 62 106.0 47
118.0 27 112.0 51 105.0 45
117.0 27 111.0 50 104.0 46
116.0 28 110.0 57 103.0 43
. 115.0 27 109.0 58 lOB.O 44
108.0 90 101.0 42
90. 66~·b In Tm = 25; 1 = 20 .... To )
1.0 10 8.0 11 15.0 16
2.0 10 9.0 12 16.0 504
3.0 10 10.0 12 17.0 86
4.0 10 11.0 16 18.0 34
5.0 10 12.0 14 19.0 til
6.0 11 13.0 14 20.0 36
7.0 11 14.0 14
90.661S In Tm = 25; 1 = 20 + To )
1.0 4 8.0 3 15.0 10
2.0 4 9.0 3.5 ]_6.0 65
3.0 2.5 10.0 3.5 17.0 27
4.0 2.5 11.0 3.5 18.0 9
.0 3 12.0 3.5 19.0 '7
6.0 3 13.0 4.5 2,0.0 4
'1.0 3 14.0 4.5
loo~b In ( Tm = 40; 1 20 + To
168.0 15 161.0 4 154.0 16
167.0 14 160.0 14 153.5 942
166.0 3 15 .0 14 153.0 4
165.0 12 158.0 15 15]_. 0 15
164.0 15 157.0 14 150.0 11
16 .0 13 156.0 15 135.0 8
162.0 15 155.0 13 130.0 9
(38)
Temp. lime Temp. Time Temp. Time
°c Sec/oC °c Sec/CC °c Sec/cC
92. 445~ Indium ( Tm - 60; 1 - 20 + To-
6.0 0 55.0 21 94.0 25
7.0 91 57.0 21 95.0 25
8.0 59 59.0 23 96.0 25
9.0 46 61.0 22 97.0 26
10.0 39 63.0 24 98.0 25
1100 35 65.0 24 99.0 27
12.0 31 66.0 23 100.0 25
13.0 28 67.0 25 101.0 25
14.0 27 68.0 25 102.0 25
15.0 27 69.0 26 103.0 26
16.0 27 70.0 26 104.0 25
1?0 24 71.0 25 105.0 28
18.0 22 72.0 25 106.0 25
19.0 25 73.0 26 107.0 27
20.0 22 74.0 25 108.0 24
21.0 . 21 75.0 27 109.0 27
22.0 21 76.0 24 110.0 23
23.0 22 77.0 27 111.0 25
14.0 20 78.0 24 112.0 27
25.0 2 79.0 26 13.0 26
30.0 24 80.0 27 114.0 25
33.0 20 81.0 26 115.0 26
35.0 20 82.0 26 116.0 25
37:0 20 84.0 25 117.0 24
39.0 20 85.0 26 118.0 20
41.0 20 86.0 26 120.0 19
43.0 20 87.0 25 122.0 17
45.0 20 88.0 27 124.0 15
47.0 20 89.0 25 126.0 14
49.0 20 90.0 26 128.0 12
51.0 21 91.0 25 l~O.O 10
53.0 20 93.0 25 135.0 11
92.44% Indium ( Tnl = 25; 1 = 20 + To
24.0 118 16.0 150 10.0 185
23.0 124 15.0 136 9.0 240
2('.0 140 14 0 135 8.0 272
21.0 14£3 13.0 137 7.0 403
20.0 160 l? 0 142 '6.0 51?
17.0 188 11.0 166
(39)
Temp. Time Temp. Time Temp. Timeoc 'ec/oC °c Sec/OC °c Sec/OC
95.80ib Indium ( Tm = 35; 1 = 20 + To )
150.0 12 130.5 1006 111.0 18
149.0 12 130.0 1'74 110.0 19
148.0 12 129.0 64 109.0 17
147.0 . 13 128.0 31 108.0 18
146.0 12 l~?O 30 107.0 17
145.0 12 126.0 29 106.0 18
144.0 13 1 5.0 2? 105.0 17
143.0 13 124.0 26 104.0 18
142.0 13 123.0 23 103.0 18
141.0 13 122.0 23 102.0 18
140.0 13 121.0 22 101.0 18
139.0 13 120.0 22 100.0 18
138.0 13 119.0 21 99.0 1'7
137.0 13 118.0 20 98.0 20
136.0 14 117.0 20 97.0 18
135.0 13 116.0 2,0 96.0 18
134.0 14 115.0 19 95.0 19
1 3.0 14 114.0 18 94.0 19
132.0 14 113.0 18 93.0 19
131·.0 14 112.0 19 9 .0 20
96. 68~0 Indium ( _m = 25; 1 = 20 + To )
150.0 27 134.75 200 118.0 27
149.0 25 134.5 60 117.0 28
148.0 25 134.0 104 . 116.0 28
147.0 26 133.0 73 115.0 29
14 .0 26 132.0 61 114.0 28
145.0 26 131.0 49 113.0 29
144.0 28 130.0 48 112.0 28
143.0 25 129.0 44 111.0 2,8
142.0 26 128.0 42 110.0 30
1...1 0 27 12'7.0 40 109.0 27
140.0 26 126.0 37 108.0 31
139.0 26 125.0 . 35 107.0 28
138.0 27 124.0 33 106.0 32
137.0 ? 123.0 32 105.0 27
136.0 ~6 1?2.0 33 104.0 33
135.0 29 1 1.0 31 103.0 30
134.9 300 120.0 27 108.0 29
135.0 650 119.0 27 101.0 32
(40)
Temp. Time 'I'emp , Time Temp. fj1 •.L.lme
°c :>8C/oC OC Sec/OC DC Sec/CO
1005'0 Indium Tm = 65; 1 -= 20 + 'I'o )
100.0 0 125.0 16 150.0 47
101.0 20 126.0 17 151.0 42
102.0 16 127.0 19 152.0 49
103.0 1'7 128.0 18 153.0 50
104.0 16 129.0 16 154.0 56
105.0 16 130.0 19 154.1 4800
106.0 15 131.0 19 154.2 3650
10'7.0 15 132.0 18 154.3 2'700
108.0 15 133.0 21 154.4 2250
109.0 14 134.0 21 154.5 2080
110.0 15 135.0 21 154.'75 960
111.0 1'7 136.0 24 155.0 836
112.0 15 137.0 23 155.5 282
113.0 13 138.0 23 156.0 100
114.0 15 139.0 25 15'7.0 72
115.0 16 140.0 26 158.0 21
116.0 14 141.0 27 159.0 27
117.0 15 142.0 28 160.0 25
118.0 15 143.0 30 161.0 22
119.0 13 144.0 30 162.0 35
120.0 13 145.0 34 163.0 45
121.0 6 146.0 33 164.0 52
122.0 15 14'7.0 35 165.0 '78
123.0 16 148.0 38 166.0 75
124.0 16 149.0 38
(41)
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